Abstract Rodent animal models of stroke are widely used with brain ischemia inducible by various occlusion methods. Permanent or transient occlusion of the distal portion of the middle cerebral artery (MCAO) offers a reproducible model with low mortality rates, and it is the most likely model of choice for mid-and long-term studies to assess neurorepair or long-term effects of neuroprotective drugs. Therefore, a measurable and stable neurological assessment would be required to evaluate sensorimotor and cognitive deficits at short and long terms as suggested by the Stroke Therapy Academic Industry Roundtable preclinical recommendations. We review the usefulness of different tests used to measure functional outcome after distal MCAO in mice and further sustain these data with our own multilaboratories' experience. Results show that several tests were suitable to detect neurological deterioration at short term. Grip strength and latency to move have shown some usefulness at long term, with important differences between strains, while less clear are the data for the corner test. Important strain differences in terms of infarct volume are also reported in this study. Statistical power analysis and sample size calculation of our data confirmed the value of grip strength and latency to move tests but suggest that larger sample size would be required. In conclusion, there are no robust data supporting the use of a specific behavior test to assess long-term functional outcome after distal MCAO in mice. This is an important limitation since translational basic research should provide data to help further clinical trial evaluation. New multicenter studies with larger sample size and specific mouse strains are needed to confirm the validity of tests, such as the corner, latency to move or grip strength.
Introduction
Stroke is a leading cause of death and disability worldwide. According to the World Health Organization, it remains the second most important cause of mortality accounting for 6.15 million deaths each year and representing more than 10 % of the total death rate (http://www.who.int). Yet, the only approved treatments for stroke patients are reperfusion therapies with tPA (either intravenous or intra-arterial) and clot retrieval in certain patients with acute ischemic strokes [1] . In this context, the stroke research field faces the challenge to find new therapies for stroke patients that remain untreated and for all disabled stroke survivor. In this scenario, stroke repair therapies are getting positioned as bestcandidate strategies to be offered to most stroke patients.
Experimental models of stroke have been developed since the early 1070s, but there is no single universal animal model for all human forms of stroke. For that reason, different species and surgical approaches are employed to mimic different clinical stroke situations and forms [2, 3] that researchers adapt to their field of interest. At the end, they are considered an important step in proof-of-concept therapeutic studies, and preclinical data obtained from those models are indispensable to support further clinical trial evaluation: a bench-to-bedside translation is required. Within the complexity of experimental studies, two major study endpoints are investigated: infarct reduction and improvement on neurological function. In fact, the last update of the Stroke Therapy Academic Industry Roundtable (STAIR) recommendations for preclinical studies includes the measurement of stroke outcome in behavioral studies at least 2 or 3 weeks or longer after the insult to demonstrate a sustained benefit of the tested treatment [4] .
Several tests have been developed to assess neurological deficits and outcome in stroke models by evaluating motor, somatosensory, or cognitive functions [5] [6] [7] . The selection of appropriate tests should be decided accurately according to the animal species, stroke model, evaluation time, and expertise of the investigator. It is important to carefully plan the experimental approach and to select the most efficient, reliable, and valid tests for the specific purpose [8, 9] ; not all tests are suitable for every stroke model. We want to focus our attention to functional testing in mouse models of stroke affecting the cerebral cortex, which are induced mainly by the distal occlusion of the middle cerebral artery (MCAO). Since mortality rates are very low, these are models of choice for many researchers investigating long-term effects of neuroprotection treatments or efficacy of neurorepair strategies.
We will review published data on functional outcome assessment in mouse stroke models induced by occlusion of the distal middle cerebral artery (MCA) and provide new results obtained in different laboratories, models, strains, and evaluation times. The question is whether long-term functional assessment is a valuable endpoint to determine deterioration and functional recovery, or whether we should admit that we are not ready for this evaluation in certain models of stroke.
Methods

Focal Cerebral Ischemia
All stroke models were performed in male young adult mice by occluding the distal part of the MCA accordingly to previous reported methods. Laboratory 1 applied permanent electrocoagulation and transient compression models as described by Morancho et al. [10] . Briefly, animals were anaesthetized with isofluorane via facemask (4 % for induction, 2 % for maintenance in air, and 79 % N 2 /21 % O 2 ; Abbot Laboratories, Madrid, Spain). A small craniotomy in the left temporal bone was performed to expose the MCA and the distal portion of the artery was electrocoagulated (permanent model) or compressed with a 30-G needle for 60 min (transient MCAO).
Laboratory 2 applied thromboembolic stroke as described by Orset et al. [11] . Briefly, animals were deeply anesthetized with isoflurane 5 % and maintained with 2.5 % isoflurane in a 70/30 % mixture of NO 2 /O 2 . Mice were intubated and mechanically ventilated (ventilator NEMI Scientific Inc) at 180 breaths/min. The skin between the right eye and the right ear was incised, and the temporal muscle was retracted. A small craniotomy was performed, the dura was excised, and the MCA was exposed. A pipette was introduced into the lumen of the MCA and 1 μL of purified murine alpha-thrombin (0.75 UI) was pneumatically injected to induce the formation of a clot in situ.
Laboratory 3 applied electrocoagulation as described by Lubjuhn et al. [12] . Briefly, mice were anesthetized with tribromoethanol (2.5 %, 150 μl/10 g body weight, i.p.), and the temporal muscle was removed by electrical coagulation (Modell ICC 50, Erbe, Tübingen, Germany). Then, the stem of the dMCA was exposed through a burr hole and occluded by microbipolar coagulation (ERBE ICC50, Erbe).
C57BL/6, Balb/C, Swiss, and FVB strains were used as listed in Table 1 and a control group of sham-operated animals was included in some experimental groups (see Table 1 ) by performing all surgical manipulations except the occlusion of the artery. STAIR criteria [13] and NINDS RIGOR guidelines [www.ninds.nih.gov/funding/transparency_in_reporting_ guidance.pdf] were followed. In this regard, cerebral blood flow was monitored in all models to ensure appropriate occlusion and reperfusion (if applicable), body temperature was maintained at 36.5-37.5°C, performance of long-term behavioral testing, inclusion and exclusion criteria for blood flow rates were established, reporting negative data or describing in detail the statistical analysis. Other recommendations for preclinical studies, such as dose-response, therapeutic window, the use of multiple species were not followed since our study did not require it.
All experiments were performed in accordance with the French, Spanish, and German legislation and the European Communities Council guidelines for the care and use of laboratory animals. Approved consent was obtained from local Animal Care Committees.
Behavioral Testing
Neurological deterioration and functional outcome were assessed by different tests. Laboratory 1 conducted the corner test and the grip strength meter as described below.
Laboratory 2 conducted the beam walk, rotarod, and corner tests as described below. Finally, laboratory 3 conducted the corner and latency to move tests as described below. Time points for functional testing are described in Table 1 according to the experimental group.
Some of these animals comprise the control group of current ongoing studies, in those cases behavioral tests were performed by an investigator blinded for the control and/or sham group.
Beam Walk The beam walk test allows to measure complex motor coordination and balance performance in rodents. The procedure was adapted from Shelton et al. [14] . The beam (0.75 m×1 cm), elevated 40 cm above the floor, had a black box with an opening at one end and an aversive stimulus (bright lamp) at the other end. The mouse was placed on the beam near the light source and the light was turned on. Four trials (maximum value, 120 s) were performed with a 1-min resting period. The latency (in seconds) to reach the black box was measured.
Rotarod To assess motor coordination and balance alterations after MCAO, mice were subjected to accelerating rotarod from 4 to 40 rpm over 2 min (Letica LE8500, BIOSEB®, France) as previously described [15] . Three trials (maximum value, 120 s) were performed with a 1-min resting period. The latency (in seconds) to fall was recorded.
Corner The corner test, used to assess sensorimotor and postural asymmetries after MCAO, was based on previous work [16] . The corner consisted of two boards (30×20× 1 cm
3 ) attached at a 30°angle with a small opening between the boards to encourage entry in the corner. Ten to twelve trials were performed and left and right turns were recorded. Laterality index was calculated as previously described [10] as: LI0(turns to the ipsilateral side−turns to the contralateral side)/total number of turns. A laterality index of 0 is scored by animals presenting total symmetry.
Grip Strength Meter
The grip strength meter allows the study of neuromuscular functions in rodents by determining the maximum force displayed by an animal (Harvard Apparatus). This test measures the maximum force displayed by the mouse forelimbs. To our knowledge, this is the first study evaluating the grip strength after dMCAO in mice. Briefly, animals are suspended by the tail and approached to the grid. Once the mouse grasped the center of the grid with both forelimbs, the animal was pulled backwards in the horizontal plane. The force applied to the grid was recorded as the peak tension and measured in grams. Six measures were acquired per time point and the mean force was obtained for statistical analysis. The moment of testing is indicated as pre-MCAO (−1) or after MCAO (+) followed by the number in days
Latency to Move This test was performed as previously described [12] . Mice were placed on a plate and the time (in seconds) to move one full body length (about 7 cm) was recorded.
Infarct Volume
To assess differences on infarct extension in the different mice strains (C57BL/6, Balb/C, FVB, and Swiss-derived CD-1), laboratory 1 performed the permanent distal MCAO by electrocoagulation as explained above in separate cohorts of male animals (n04-5/strain). Briefly, 48 h after occlusion mice were transcardially perfused with cold saline, brains were removed, sliced in 1 mm sections, and stained by the triphenyltetrazolium chloride (TTC) method as reported [10] . Measurements of the ipsilateral and contralateral hemispheres of all slices were obtained as well as the area of the infarcted tissue (in white after TTC stain).
Final infarct volume was corrected by edema, and results are given in cubic millimeters as described [10] .
Statistical Analysis SPSS version 15.0 was used for statistical analysis. Significance between time points for normally distributed variables was assessed using the paired t test or repeated ANOVA followed by LSD post hoc when more than two measures were compared. Significance between time points for non-normally distributed variables was assessed using Friedman and Wilcoxon post hoc when more than two measures were compared. Differences between sham and MCAO animals were analyzed by the unpaired t test if normally distributed or Mann-Whitney U test if non-normally distributed. Values are expressed as mean±SD. A p value of less than 0.05 was considered statistically significant. Ene 3.0 software (www.e-biometria.com/) was used to calculate statistical power of our results and sample size (setting the power at 80 % and level of significance, two sided, at 0.05).
Results
Short-Term Neurological Deterioration
Three different methods to occlude the MCA and producing only cortical infarcts have been performed (electrocoagulation, compression, and thromboembolic) showing the value of several tests to recognize neurological deterioration early after ischemia (within the first 48 h) in Balb/c and C57BL/6 mice but not in Swiss and FVB strains, as summarized in Fig. 1a-d . In this regard, forelimb force was altered in both Balb/c and C57BL/6 mice 24 h after electrocoagulation-induced permanent ischemia (p<0.05, respectively) and in transient ischemia in C57BL/6 (p<0.05). However, when comparing the ischemic and sham cohorts of C57BL/6 mice, only the compression model showed significant differences (p<0.05) whereas differences with permanent occlusion did not reach significant difference (p>0.05).
The corner test showed some asymmetry performance in different cohorts of Balb/c mice and C57BL/6 mice. In . Electrocoagulation-induced permanent ischemia was performed in Balb/c, C57BL/6, and FVB strains while thromboembolic induction of cerebral ischemia was performed in Swiss mice. The day of the test after MCAO is indicated in the x-axis. Note that important differences are seen between strains and tests. Tests for repeated measures were applied for comparisons between time-points (repeated measures ANOVA followed by LSD or Friedman followed by Wilcoxon tests) whereas comparisons between sham and MCAO animals were analyzed by unpaired t test or Mann-Whitney U test. Bars represent mean±SD; *p<0.05 laboratory 1, two cohorts of Balb/c mice were subjected to permanent occlusion showing that laterality index was significantly altered 24 h compared with pre-ischemia in one cohort (p < 0.05) but not in the second one (p > 0.05). Contrary, at earlier time points (4 h), the two tested cohorts did not show differences (p>0.05 in both cohorts). In laboratory 1, a cohort of C57BL/6 mice did not show asymmetry in the corner test at 24 h neither in the permanent nor in the transient model, while in laboratory 3 asymmetry was reached 48 h after permanent ischemia in two different cohorts (p<0.05, respectively).
Latency to move one body length showed clear motor deficit 24 and 48 h after ischemia (p<0.05 for both time points) as represented in Fig. 1b . Corner test was useless to show short-term neurological deterioration for FVB and Swiss cohorts as well as beam walk and rotarod for the Swiss cohort since non significant differences were found when compared with pre-ischemia scores or to sham animals (see Fig. 1c, d ).
Mid-and Long-Term Neurological Outcome Assessments
Latency to move, grip strength and corner test were useful to show neurological deficits at mid-and long terms (1 or 2 weeks) in some strains (see Fig. 1a-d) .
In summary, corner test performed after electrocoagulationinduced permanent ischemia in two cohorts of Balb/c showed differences in one cohort at 1 week (p<0.05) but not at 2 weeks (p>0.05) while no differences were observed in the other group of animals (p>0.05). Similar data were obtained for Swiss mice after thromboembolic occlusion since asymmetry preference was detected at 1 week (p<0.05) and a tendency at 2 weeks (p00.095). Contrary, FVB and C57BL/6 cohorts of permanently occluded mice by electrocoagulation did not show mid-or long-term asymmetry as seen in Fig. 1d .
Forelimb force was significantly reduced 1 and 2 weeks after permanent ischemia in Balb/c mice (p<0.05, respectively; see Fig. 1a) . Similarly, motor deficits were still present at 1 week when evaluated with the latency to move test after permanent occlusion in C57BL/6 (p<0.05); data from longer time points or other strains are not available (Fig. 1b) .
Finally, beam balance and rotarod test could not detect neurological deficits 1 week after thromboembolic occlusion in Swiss mice when compared with preischemia or sham animals, as well as grip strength in FVB mice up to 3 weeks after permanent occlusion (see Fig. 1a, c) .
Power Analysis and Sample Size Calculation
A posterior analysis of the statistical power of our results was performed in order to assess the value of the obtained results and to determine the minimal sample size required in future studies based on our data (see Table 2 ). The analysis indicates strong power for grip strength in C57BL/6 and Balb/c mice for short-term assessments and at long-term in Balb/c mice (C57BL/6 was not tested). The sample size required would be between five and seven animals as indicated in Table 2 . Similar power was obtained for latency to move test in C57BL/6 mice at both short-and long-term assessments (sample size required between 4 and 15 animals). The corner test power analysis showed larger variability between strains and time points of assessment. Here, the results seem to indicate that larger sample sizes would be needed especially for long-term assessment (between 6 and >100). A detailed analysis, cohort by cohort, for corner test, grip strength, and latency to move is described in Table 2 .
Strain Differences
Behavioral evaluation of Swiss and FVB mice clearly showed difficulties to demonstrate neurological deterioration at both short and long terms. As summarized in Table 3 , tests performed acutely after ischemia could not show worsening when measuring force, asymmetry, motor activity, or sensory functions when compared with pre-ischemia capacities or compared with non-ischemic animals in those strains. Only Swiss mice showed a transient asymmetry in the corner test 1 week after ischemia (p<0.05 versus pre-ischemia), though this was not sustained at later time points (see Fig. 1d ). In this sense, Balb/c mice showed a similar pattern since acute (24 h, p<0.05) and mid-term (1 week, p<0.05) asymmetry preference were detected compared with pre-ischemia values (see Fig. 1d ) but not at 2 weeks. Contrary, C57BL/6 mice showed significant asymmetry scores only in the acute phase at 2 days (p<0.05 versus pre-ischemia) but not at 7 days (p>0.05 versus pre-ischemia). Overall, a large variability was seen in all strains for corner test. FVB mice failed to show reduced forelimb force while Balb/ C and C57BL/6 mice did show reduced force as summarized in Table 3 .
Sample size calculations indicate that, due to a very low statistical power, a large number of mice would be needed for FVB (from 40 to >100 individuals) and Swiss strain (from 15 to >100 individuals) to assess neurological deterioration at any time point.
Regarding infarct volume, enormous differences were observed among strains as shown in Fig. 2 . Balb/c mice presented the largest and less variable infarct volumes (54± 6.5) while FVB displayed the smallest volumes (22.6± 10.4). C57BL/6 mice and CD-1 (Swiss-derived strain) presented intermediate infarct volumes, 29.4±11.3 and 36.1± 6.8, respectively.
Discussion
Our results show the usefulness of several tests to measure early neurological deterioration after ischemic stroke in mice affecting the cerebral cortex, but no robust data support the use of a specific test to assess mid-or long-term functional outcomes. Our results also show important differences between strains to consider when designing our research protocols. We will discuss how our results are supported by other authors and question whether long-term measurements of functional outcome should be considered as relevant endpoints in neuroprotection and neurorepair experimental studies using mouse models of cortical infarction.
Good neurological outcome and functional independence are the major indicators of recovery for stroke survivors regardless of residual signs of brain damage in neuroimage studies during the follow-up. To this end, clinicians can assess stroke severity, neurological deterioration, disabilities, or long-term functional outcome by using quite simple neurological scales, such as National Institute of Health Stroke Scale (NIHSS) and the modified Rankin Scale [17] which have become the main endpoints in human clinical trials. Possibly for that reason, stroke researchers and clinicians expect to obtain similar information, in a bedside-back-tobench viewpoint, from experimental animal models of stroke. In this sense, many tests have been developed, from simple neurological scales to more complex tests measuring anxiety, learning and memory, balance, postural reflexes, or sensory awareness among others. The reality is that over 20 tests have been validated in animal models of stroke [5, 6, 9] , but there is no consensus for using one single test for one single model and each researcher has to try with several tests in its experimental conditions as summarized in Table 4 . At the same time, failed experiments (or more exactly negative results) are difficult to publish, introducing a bias of nonpublished data 89 % (+2, n08) 7 n/a n/a C57BL/ 6 38 % (+1, n08) 19 5 % (+7, n011) >100 57 % (+2, n07) 11 C57BL/6 28 % (+1, n08) 26 n/a n/a C57BL/6 16 % (+1, n07) 32 n/a n/a Grip strength C57BL/6 96 % (+1, n09) 6 n/a n/a C57BL/6 99 % (+1, n08) 5 n/a n/a 73 % (+7, n06) 7 Balb/C 72 % (+1, n06) 7 76 % (+14, n06) 7 FVB 8 % (+1, n07) >100 5 % (+7, n07) >100 5 % (+14, n06) >100 10 % (+21, n07) 69 Latency to move C57BL/6 72 % (+1, n08) 10 99 % (+2, n08) 4 89 % (+7, n08) 7 C57BL/6 53 % (+2, n09) 15 n/a n/a Sample size has been calculated to reach 80 % statistical power based on a conventional level of alpha (0.05). The moment of testing is indicated as pre-MCAO (−1) or after MCAO (+) followed by the number in days n/a nonavailable and somehow hiding to other researchers valuable information about what did not work for others. The usefulness of cognitive and behavioral assessment in experimental stroke research has been a theme of debate in the last decades. In general, tests used to measure functional recovery in rats appear to be less useful in murine stroke models. For example, a quite simple neurological score that works in proximal [18] [19] [20] and distal [21, 22] occlusions of the MCA at different time points is also useful in mice for proximal occlusion models affecting the striatum [23, 24] but not for distal occlusions [25, 26] , indicating important differences between rodent species and the importance of infarct location.
In the present study, we provide data obtained from different laboratories with proved experience in animal models of stroke by inducing MCA occlusion by three different models (electrocoagulation, compression and thromboembolic), including also negative results. All the tests are known to evaluate somatosensory, motor function, or a combination of both which are totally or partially affected by the resulting cortical infarctions of the performed models as published by the different laboratories [10] [11] [12] .
At least three large studies have evaluated a battery of sensorimotor and cognitive tests after distal MCAO including sham and ischemic animals [12, 27, 28] . Gerlai and colleagues [27] induced transient focal cerebral ischemia (45 min) in C57BL/6 males, confirming the cortical lesions by MRI, and performed rotarod, hanging wire, horizontal surface approach, spontaneous t maze, and eye closure tests 3 weeks after MCAO or sham operation. Their results showed significant differences between all sensorimotor and sensory test but not in cognitive test (t maze). However, these authors did not study how mice scored over time comparing pre-ischemia with different time points post-ischemia. Freret and colleagues [28] used a stroke model of permanent distal MCA occlusion in Swiss males to monitor animals' behavior several days/weeks before and after stroke or sham surgery. Their results were contundent: sensorimotor performances were not significantly altered when assessed with the corner, cylinder, pole, accelerated rotarod, chimney, or staircase tests neither mnesic performances in the passive avoidance test and in the Morris water maze could not reveal learning and memory deficits. Only the adhesive removal indicated a clear contralateral deficit (increased time to contact and to remove the tape) early after ischemia and during the study period (3 weeks) correlating with infarct volume only at 3 weeks. Significant differences were also seen when comparing ischemic versus sham mice. More recently, Lubjhun and colleagues performed functional testing in C57BL/6 males also after permanent occlusion by electrocoagulation [12] identifying the latency to move as a suitable test to assess motor deficits at short and long terms (up to 2 weeks). In the same study, corner and handedness tests showed differences at short term (day 1 or 2) with pre-ischemia scores and sham animals and both Catwalk and DigiGait systems detected shorter time of 
n/a n/a n/a n/a n/a n/a C57BL/6 -
n/a n/a n/a n/a Swiss -
n/a n/a n/a n/a -
n/a n/a n/a n/a n/a n/a n/a nonavailable data (nontested strains) a Test was useful to assess neurological deterioration or outcome b Test was useful only at some time points or study group c Test failed to measure neurological deterioration or outcome The moment of testing is indicated as pre-MCAO ("−1") or after MCAO ("+") followed by the number in days paw contact with walking surface in ischemic animals (day 1 or 2) versus sham animals.
In the present study, we have found that short-term evaluation of neurological deterioration is feasible in C57BL/6 mice and Balb/c mice by corner, grip strength meter, and latency to move tests when comparing pre-versus postischemia scores but showing large variability between animals. In this regard grip strength meter has been used to assess neurological deficit in rats [29] and mice [30] subjected to proximal occlusions of the MCA showing deficits after ischemia at mid-and long terms but not when compared with sham animals. To our knowledge, this is the first study evaluating the grip strength test after distal MCAO in mice. The latency to move test time was found to be elevated in previous studies 2 weeks after proximal [31] or distal [12] occlusion of the MCA in mice, but other studies have reported no changes after ischemia [32] . However, no systematic use of these two tests has been found in the literature and further studies are needed to confirm its value at long term. Regarding the asymmetry preferences detected by the corner test we have found consistent asymmetric turning preference one week after ischemia but our data also suggest that spontaneous recovery occurs at longer time points, probably by compensatory strategies, large variability between animals and lack of sensitivity of some strains. Other investigations performing similar models of ischemia have reported usefulness only during the first days after ischemia [10, 12, 33, 34] or no differences in the turning preference at any time point [29, 35, 36] . Some of these studies found similar results for the cylinder test [29, 35, 36] .
Other tests, such as freezing time [37] , adhesive tap removal [35] , the pasta matrix reaching test [35] , tongue protrusion [36] , global motor activity [11] , eye closure [27] , wire hang [27] , and elevated body swing [34] have shown short-and/or long-term sensitivities to neurological deficits in cortical lesions only in isolated studies, while others have failed even shortly after ischemia, such as the chimney [28] , the passive avoidance [28] , or the Morris water maze [38] (this last one showing some cognitive deficits only at long term). In our study, Swiss mice were evaluated by the beam walk and rotarod tests (latency times) showing no differences between pre-versus post-ischemia values nor between sham versus ischemic animals at any of the time points. In this sense, other authors have found similar results for the rotarod test [25, 28, 36] while others have reported slight differences in the beam balance tests (slip steps) at long term between treatment groups after MCAO, although no data are reported regarding pre-ischemia values or sham animals [34] . Our study only reports one single negative result in Swiss mice in terms of the uselessness of beam balance and rotarod tests, but it supports these other previous studies in FVB or C57BL/6 mice. Finally, our study has been pointless to assess neurological deterioration in FVB mice by the corner or grip strength tests either at short-or long-term measurements. Similar results were obtained with this strain in another study where accelerating rotarod, tongue, corner test, and cylinder test were tested before and after ischemia induced by common carotid artery ligation and electrocoagulation of the distal MCA [36] . The authors report that no functional deficits compared with baseline performance could be found in limb-use asymmetry, corner turning test, or rotarod performance, and only acute (1 day) motor dysfunction of the tongue occurred in WT FVB mice. Contrary, mice knockout for thrombospondin-1/2 maintained minor motor deficits when compared with WT mice at 3 and 4 weeks [36] . The strain differences found in our study and described by other authors are probably the consequence of genetic variations that among others, cause differences on collateral morphometrics thus affecting collateral circulation and collateral remodeling after obstruction as demonstrated in 15 inbred mouse strains [39] . The cited study shows that these differences are major contributors to variability in infarct volume after permanent distal MCAO; unfortunately, authors do not perform behavioral studies. Other studies have also shown important differences in infarct volumes after performing the same occlusion method in different mouse strains [40, 41] . These studies show a 3-fold increase in Balb/c versus FVB or 2-fold increase versus C57BL/6 in infarct volume, with obvious different patterns for cortical infarct distribution. Similar data have been obtained in the present study by using the electrocoagulation model since Balb/c presented a 2.5-fold change on infarct volume when compared with FVB or 1.8-fold change compared with C57BL/6. This might explain the difficulties for measuring neurological deterioration in FVB mice and the strain differences described here and in the literature.
Considering all these data, we could ask ourselves what we should expect from a good behavioral test. Whether to show differences between ischemic and non-ischemic animals or to show differences between pre-versus postischemia values or we should only focus on improvement after post-ischemia scores? This unsolved question acquires more complexity when we introduce groups of treatment: what is truly relevant in terms of neurological status, to score better at one time point than vehicle-treated animals or to improve more over time than vehicle-treated animals? Should we forget about pre-ischemia scores since neurological improvement in humans is often defined as improvement in the baseline (post-stroke) NIHSS scores? Should be move to other designs and ask how much a given treatment can accelerate spontaneous recovery? Again, nowadays no consensus has been established for preclinical studies and we can probably answer "yes" to all these questions supported by a large number of studies. In this sense, our results show that most consistent and positive results have been found been assessing differences, between pre-and postischemia scores while differences between sham and ischemic animals (in those cohorts with sham-control groups) or between early post-ischemia with late post-ischemia scores, do not exist or have been weak. We believe that the distal occlusion model in mice is certainly a valid model of stroke to study mechanisms of cell death and recovery but perhaps we are not ready to ask for improvement on long-term functional outcome when we see that mice in these particular models show spontaneous recovery after a few days with minimal mortality incidence. We wonder if the currently available behavioral tests should only be applied to assess impairment of the neurological status or to determine longterm side effects of a given treatment. Importantly, STAIR recommendations, among others, include long-term behavioral testing and the development of neurological impairment of a given severity as inclusion criteria whereas RIGOR guidelines include the calculation of sample sizes/ power calculation and the robustness and reproducibility of the observed results. The data presented here suggest that only some behavioral tests could accomplish these requirements if the model of choice is the distal occlusion of the MCA in mouse.
In conclusion, several tests have shown their usefulness in measuring neurological deterioration in mice acutely after cerebral ischemia induced by distal occlusion of the cerebral artery, but no robust data are currently available supporting the value of a single behavioral test to measure neurological deficits at mid-and long terms. Some tests such as the corner test, adhesive tape removal, latency to move, freezing time or grip strength meter have demonstrated signs of usefulness at long-term evaluations in sparse publications but data are still missing to confirm that these methods are sufficient to prove efficacy and safety in our preclinical studies; no systematic use of a specific test can be found in the literature. Our results support the potential value of the grip strength meter and latency to move tests; less clear are our results on the corner test.
However, some limitations arise from this study, such as a the incomplete time point profile for all tests and mouse strain responses in relation to the ischemic lesion in terms of infarct volume and topographic distribution. We propose that a multicenter study with larger sample sizes and multiple strains, perhaps including neuroimaging monitoring, is needed to validate our observations and others findings to establish a valid behavioral test for distal MCAO in mice.
